Quantum origin of classical properties within the modal interpretations 
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An example is presented when decoherence and quantum interference gives rise to narrow eigenstates 
(in coordinate representation) for the reduced density matrix of macroscopic quantum systems. On 
the basis of modal interpretations this means the emergence of classical properties. 
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Modal interpretations aim at extracting a consistent 
pysical picture out of the formalism of quantum mechan- 
ics rather than relying on assumptions about an a priori 
classical world JjJ , g] , j| . The Dieks-Vermaas version of 
the modal interpretations utilizes the Schmidt states, i.e., 
the eigenstates of the reduced density matrix, and identi- 
fies them with the actually existing, physical states. The 
significance of the Schmidt bases has previously been em- 
phasized - in connection with decoherence and Everett's 
many worlds interpretation - by Zeh The Schmidt 
basis plays a decisive role also in the relational version 
of the modal interpretation [El which incorporates the 
idea of the relativity of the states M , |7) , B . A serious 
objection raised against modal interpretations has been 
the observation that in case of some simple systems like 
a free point mass or an oscillator the eigenstates of the 
reduced density matrix do not become narrow, although 
the reduced density matrix becomes almost diagonal in 
coordinate space due to decoherence ||. Here I present 
an example where the eigenstates do become narrow in 
coordinate space, suggesting that the previous objections 
are based on anomalous special situations. 

The model used is a massive particle moving along 
an interval (i.e., between infinite potential walls) in one 
dimension. This plays the role of a macroscopic sys- 
tem. The initial condition is a Gaussian wave packet. 
Initially the paticle moves freely, afterwards it interacts 
with the environment which leads to decoherence making 
the reduced density matrix almost diagonal in coordinate 
space, without changing the diagonal elements. This sys- 
tem has been investigated numerically in case of the free 
motion, while the subsequent decoherence has been taen 
into account with the introduction of a decoherence fac- 
tor exp (— (x — x') 2 /d 2 y The decoherence length is as- 
sumed to be much smaller than the deBroglie wavelength 
of the "macroscopic" particle. The remarkable fact is 
displayed in the figure, namely, that interference leads 
to strong spatial oscillations at the length scale of the 
deBroglie wavelength. The (almost) zero minima imply 
that after decoherence the reduced density matrix 



a size comparable with the deBroglie wavelength. Con- 
sequently, the eigenstates of the reduced density matrix 
will have the same widths, too. Note that the inter- 
ference structure changes in time, however, qualitatively 
it behaves similarly, i.e., the oscillations and the nearly 
zero minima always occur after the initial wave packet 
has spreaded over the whole interval. The time evolu- 
tion has been solved numerically via fast Fourier trans- 
form. The correctness and precision has been carefully 
checked, among others, by changing the sign of the time 
to get back the initial state. The parameters correspond- 
ing to the figure are L = 1 (length of the interval), 
h = 1 (Planck's constant), po — 30 (initial momentum), 
<7o = 0.5 (initial position), a = 0.05 (initial width of the 
wave function), m = 1 (mass), t = 0.5 (time). 

In this case classical behavior is due to an interplay be- 
tween quantum interference and decoherence. The most 
important ingredients have been the zeros of the wave 
function and the strong decoherence which makes the re- 
duced density matrix much narrower in coordinate space 
than the distance between the zeros. 

Our preliminary results show that the same effect oc- 
curs in two dimensions as well. 
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p(x, x') = ip(x)ip*(x') exp (-(x - x'f/d 2 ) 



(1) 



has a block diagonal structure, so that each block has [2] 
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FIG. 1. Typical interference pattern in the modulus 
square of the particle's wave function in coordinate space. 
The initial Gaussian wave packet spreaded over the whole in- 
terval. 
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